trations, and 813C in CH4 indicate that 21 1 3% ofatmospheric CH4 was derived from fossil carbon at the end of 1987. The data also indicate that pressurized water reactors are an increasingly important source of 14CH4.
ME ETHANE IS A STRONG INFRARED
absorber that directly and indirectly affects atmospheric temperature (1) . It also influences tropospheric and stratospheric ozone concentrations (2) and is a major source of stratospheric water (3) . The atmospheric concentration has more than doubled during the past 200 years (4) . This increase, mostly attributed to human activities, is about three times as great as the natural concentration variations that occurred between glacial and interglacial times (5). The concentration continues to increase by about 1% per year (6) . Destruction of CH4 occurs mainly through reaction with OH radicals, and the tropospheric lifetime is 8 to 12 years. Methane is produced bacterially from wet environments (wetlands, rice fields, and tundra) and from ruminants and possibly termites. Additional contributions are from natural gas, coal mining, and biomass burning. The annual production rate and the magnitude of the individual source terms are not well known. Various estimates have come from flux measurements (7) , atmospheric chemistry (8), biostatistical surveys (9), and modeling of atmospheric concentration data (10).
Derivation of a quantitative budget of CH4 from 13C, deuterium, and 14C is an approach similar to that proposed for 13C by Stevens and Rust (11 Large volume air samples (about 0.5 to 1.5 m3) were collected into Al gas tanks with three-stage Al air compressors. Methane from ecosystems was sampled in various ways, either retrieved as above from large volume (5 to 10 m3 and 10 to 20 m2) fluxbox enclosures, from beneath near-surface atmospheric inversion over strong sources (up to two times the background atmospheric CH4 concentration has been observed over bogs and rice fields), or from bubbles collected with an inverted funnel. Major and minor trace gas concentrations in the samples were measured by gas chromatography. In order to collect other trace constituents (for example, 85Kr), CH4 and Kr were completely separated from the air samples with adsorption-desorption and gas chromatographic techniques (12) . The separated CH4 was then combusted to CO2 (13) and analyzed (14-19).
The atmospheric surface air samples were primarily collected over the oceans. We considered land surface air samples to be uncontaminated by local sources if the measured methane concentration did not exceed by more than 3% the one expected for that latitude and time from worldwide measurements (20) . The atmospheric "4CH4 activity increased during the time period covered at a rate of about 2 to 3% per year (Fig. 1 PWRs operate with H2 as cover gas. Thus the "4C produced from the 170(n,ot) "4C and 14N(n,p) 4"C reactions in water and in nitrogen impurities tends to form reduced species, mainly 14CH4.
The 14CH4 data for CH4 sources (Tables 1 and 2) show that the 14C concentrations of CH4 from rumen gas of cows were the same as that of contemporary atmospheric 14CO2 [119 pMC in 1986 [119 pMC in to 1987 ]. This result was also expected as the animals feed on this or last year's forage. The data from the remaining important biogenic sources are all somewhat depleted in 14C with respect to contemporary C, indicating that the organisms also are utilizing older C. The partitioning probably depends on the availability of decomposed recent organic C in the system. This observation is similar to that for 14CO2 from soils (22), where the decomposition of organic matter can be characterized by a fast (recent C) and slow (older C) component. The 14C concentrations in methane emitted from peat bogs and tundra are low because large amounts of C are stored in these systems, and decomposition is slow. We did not expect that the "4C activity would also be low for CH4 from rice production, where C cycling was thought to be rapid. Most CH4 in wet environments is produced from acetate, with a smaller contribution from CO2 and H2; if carbonate were present in the system, some '4C-free carbon could be introduced by isotopic exchange via CO2. The results for CH4 from fires varied considerably and indicated that a large fraction of the burnt wood was of moderate age.
The above data were used to reconstruct the tumover of C from atmospheric CO2 via organic C into atmospheric CH4 and to extract the contribution of CH4 from fossil carbon to the atmospheric inventory. trations of all the stored air samples were higher than those expected for the collection time and latitude (20) . Because several contaminated modern air samples from urban areas were depleted in "'C and enriched in Table 2 ).
A one-box, time-dependent, global model was used with the data to determine the contribution of fossil C-derived CH4 to the atmospheric burden. The input data consisted of individual source terms (biogenic and fossil, biomass burning, reactors) with their measured isotopic composition. The contribution from wet environments (wetlands, Table 1 . Concentrations of CH4 (36) and '4CH4 in samples from biogenic sources and from burning.
The experimental uncertainties of the 14C results are the combined measurement error of standard, blank, and sample measurements. All 14C data are corrected to 813C = -25 per mil (37) . Percent modern carbon (pMC) was obtained according to pMC = (A"4C/1000 + 1) x 100 (37 (6, 20, 24) for fossil methane was obtained from (25) .
Estimates of the relative contributions of various types of fossil gases from Cicerone and Oremland (26) and from Fung (27) were considered, and an average b13CH4 of -42 per mil was adopted for the fossil gas mix. An enrichment factor of 10 per mil for the CH4 destruction reaction by OH was applied for '3C (28) and 20 per mil for "4C.
We evaluated the contribution of '4CH4 from PWRs by use of measured production and emission rates, as well as the world nuclear energy production (29) . On the basis of continuous measurements of effluent gases from PWRs in New York State, Kunz (30) determined that the 14C production rate was 8.8 Ci/GW-year (electric) and that 95% was discharged as 14CH4. Howles (31) listed the cumulative power of 394 reactors (worldwide, without U.S.S.R.) from their start-up date to the end of 1986, of which 61% was from PWRs. We differentiated the cumulative power data, and with the discharge rate from (30) derived an annual 14CH4 emission history (Fig. 3) . We treated the remaining 55 Soviet reactors in the same manner, using the information in (29) . The total global reactor contribution for 1987 was extrapolated from the data on additional plants in service by the end of 1987 (32 (1) showed that tongue-flicking behavior in male garter snakes serves to deliver nonvolatile sex pheromones sequestered on the female's dorsum to the male's vomeronasal organ. Unlike the majority of insect pheromones studied to date, garter snake pheromones are not produced by a discrete gland (2); rather, they are components of the integumental skin lipids found in all terrestrial vertebrates and similar to the cuticular lipids of insects that often also serve a pheromonal function (3) . In garter snakes, if the pheromones are not present on the female's skin or the male is unable to perceive them, males will not exhibit courtship behavior (1, 4 Schmidt, Pageoph. 116,452 (1978) . 35. D. C. Lowe et al., Nature 332, 522 (1988 
